Increased energy prices and awareness of the contribution of urban energy use to global climate change has renewed interest in issues of urban form. The economic, environmental, social, and health-related costs of inefficient spatial development have emerged as a focus of attention. Perhaps the most studied and documented urban spatial deficiency is sprawl. Characterized by low-density, discontinuous, and/or homogenous land development, urban sprawl leads to greater dependency on automobiles and increasing commuting distance and time (Sierra Club 1998; Soule 2006) . In addition to decreasing the effective size of the labor market, this leads
Urban Form and Urban Growth
The linkage between urban form and urban economic growth is mediated by agglomeration economies that facilitate labor pooling, reduce costs of production in manufacturing and transportation, and promote spillovers in technology and management (Ciccone and Hall 1996; Gabe 2004; Sedgley and Elmslie 2004) . Clustered employment and nonresidential activities are beneficial to the creation, transfer, and use of knowledge (Jaffee et al. 1993; Maskell and Lorenzen 2004; Phelps 2004) . 4 Increasing the size and concentration of population and workers promotes the chances of face-to-face contact, which "is an efficient communication technology, can help solve incentive problems, can facilitate socialization and learning, and provides psychological motivation" (Storper and Venables 2004) . By facilitating face-to-face contact, clustering of firms and workers increases localized interactions that promote technological innovation. Face-to-face contact also plays an important role in business development and social networking. Therefore, cities are hubs for innovation for the production of ideas and knowledge and in their resulting commercialization (Feldman and Audretsch 1999) .
Urban density is an important determinant for increasing economic returns to a scale that facilitates the growth of a city due to positive feedback. Ciccone and Hall (1996) provide empirical evidence on the connection between urban density and labor productivity. They conclude that doubling the employment density in a county will increase average labor productivity by 6 percent. Henderson, Kuncoro, and Turner (1995) find that concentration of employment is correlated with high employment opportunity, while Gabe (2004) reveals a strong association between industrial concentration and industrial outputs. Sedgley and Elmslie (2004) find that population density has a positive and significant relationship with the extent of innovation.
Urban Form and Transportation
The linkage of urban form and transportation is complex, and the literature presents mixed conclusions. One school of thought argues that centralized employment with decentralized population distribution enjoys many advantages in urban transportation, such as low transportation costs, high percentage of ridership on public transit, and low percentage of auto usage (Bertaud 2003) . Rising income, improving transportation accessibility, and higher car ownership, however, lead to urban sprawl, resulting in increased commuting time over longer distances. This casts doubt on the unequivocal transportation-cost advantage of the monocentric city by suggesting that jobs and housing can be better balanced in subregions or along corridors by job decentralization and population suburbanization to reduce overall transport demand (Gordon and Richardson 1997) The view that the job decentralization and emerging of employment subcenters from the formation of a polycentric city result in lower total travel demand is challenged both theoretically and empirically (Cervero and Wu 1998; McDonald and Prather 1994; McMillen 2003) . McMillen (2003) reveals that a positive correlation exists between population and commuting costs as dependent variables and subcenters as the independent variable. This conclusion is supported by Cervero and Wu (1998) , whose study concludes that the decentralization of employment centers does not lead to decreased commuting time. Cervero and Wu (1998) find that increases in the number, size, and density of employment centers are paralleled by increases in average vehicle miles traveled (VMT) per worker commute, decreases in the public transit share, and increases in the share of commutes by drive-alone automobiles. 5 Other studies conclude that the smallest transportation demand is produced by centrally located businesses where more employees use public transit than people working in peripheral locations (Lahti 1994; Naess and Sandberg 1996) . In theory, job heterogeneity and a high percentage of two-income households make it less likely that job decentralization will shorten commuting distances (Cervero and Wu 1998; Naess and Sandberg 1996) . This is of particular importance in China because its cities have a high percentage of two-income households.
For Chinese cities, particularly the many cities that are small or medium-size, the literature implies that job decentralization may not help to reduce urban travel demand as expected, mainly due to the lack of spatial concentration of employment resulting from the widespread mixed land use. Since 1949, Chinese cities have been shaped by the growth of danwei-type development compounds distinguished by a high degree of mixed land use (Ding 2009; Gaubatz 1995) . The danwei-type compounds make jobs disperse widely over urban built-up areas. Therefore, development of employment clustering nodes can be constructive in the urban agglomeration economy and the transit-friendly urban built-up environment. This is empirically supported by international evidence on the advantages of centralized employment with respect to travel demand. Studies in Norwegian regions suggest that the advantages of workplaces in urban areas or central locations include (1) decreased average commuting distance, (2) increased share of public transit usage and decreased single-driver motor usage, and (3) lower energy consumption (Naess and Sandberg 1996) .
Emerging Urban Spatial Patterns in Chinese Cities
Three typical urban spatial-development forms will be analyzed: special economic zones, university towns, and central business districts. They are singled out because they are prevalent and sizable, and have a substantial impact. It is recognized that qualitative assessment of urban spatial patterns requires extensive data in disaggregated form. Data of this kind are not readily available. Therefore, the assessment in this article takes a different approach, mainly through theoretical inquiry and international references and comparisons.
Special Economic Zones

Development
A special economic zone (SEZ) is an administratively established geographic region that offers liberal economic and/or legal incentives. It is usually established to attract foreign investment and promote international trade. 6 Because of their great success, SEZs have spread widely to many cities. In 2004, there were 6,866 SEZs on all levels (national, provincial, and municipal). 7 Given the total of 665 cities in China (prefecture and county cities combined), this implies over ten SEZs per city on average, regardless of city size, development potential, or economic status.
Some SEZs have emerged as important hubs in terms of industrial output, employment concentration, and foreign direct investment (FDI). A survey of fiftyfour national SEZs in 2007, for instance, revealed that they (1) produced a GDP of US$181.37 billion, industrial value added of US$131.42 billion, and industrial output of US$548.95 billion; (2) generated tax revenues of US$203.68 billion; (3) engaged in international trade of US$330.88 billion; and (4) attracted FDI of US$17.32 billion. The growth rates of these macroeconomic indicators were significantly higher than the national averages. For instance, the growth rate of GDP in these fifty-four SEZs in 2007 was 25.5 percent, more than double the national average for the same period. In addition, land productivity is very high. These fifty-four SEZs accounted for 0.1 percent of total SEZ land but contributed 5.15 percent of national GDP, 4.1 percent of national tax revenues, and 23.2 percent of total FDI.
8 SEZs are also distinguished by high employment concentration. The average employment size was near 100,000 workers per SEZ, providing 5.35 million jobs on total developed land of 664 square kilometers. The average employment density was 8,000 per square kilometer. In some zones it exceeded 20,000 workers per square kilometer (e.g., the Hongqian SEZ in Shanghai), while some are exceptional in terms of employment size. For instance, the Shenzhen SEZ in 2005 provided more than 422,500 jobs on 70 square kilometers of land.
assessment
Notwithstanding their outstanding contributions to economic success, the way SEZs are developed creates two major spatial problems. 9 The first is related to excessive land conversion. Overdesignation of SEZs and lack of capital investment cause much converted land to remain idle and undeveloped. The 6,866 SEZs occupied more than 38,000 square kilometers of land in 2004. The estimated cost of fully providing 1 square kilometer with infrastructure such as roads, sewage, water, and electricity was over US$28.6 million. It is, therefore, not surprising to observe significant idle and wasted land resources in SEZs due to lack of capital and actual demand for production. Along with concerns over rising social unrest due to land taking/requisition from farmers, farmland depletion, food security, overheating of the economy, and risk of high inflation, this realization triggered the central government to take aggressive measures against the SEZ fever. More than 4,800 SEZs were cancelled in the summer of 2004 and 24,900 square kilometers of land were eliminated as a result (accounting for 64.5 percent of total SEZ land). Over 1,300 square kilometers of land have been returned to agricultural use (Cao 2004) .
The second problem is related to the satellite type of SEZ development. Many SEZs are located on the urban fringe, providing both jobs and residencies. These create multiple satellite towns even in small and medium-size cities. For instance, Langfang, located between Beijing and Tianjin, is a city of slightly over 4 million people on a territory of 6,429 square kilometers. Langfang was considered a medium-size city with a total urban population in 2005 of 400,000 in the central built-up areas. Its administrative areas include the city proper and eight districts, each of which has one provincial-level SEZ, as seen in Figure 1 . The city proper has two spatially separated SEZs: the Langfang SEZ and the Longhe SEZ. In 2005, more than 5,000 hectares of land development in these SEZs were completed, contribut-ing 35.1 percent and 45.5 percent to total GDP and fiscal revenues, respectively. As shown in Table 1 , economic success has driven these SEZs to expand their land to 208.6 square kilometers.
This kind of dispersed SEZ is common across Chinese cities. Kunshan, located between Shanghai and Suzhou, is a medium-size city with a population of 600,000 (with Kunshan city hukou) in 2007. Twelve SEZs, spread over the entire 921 square kilometers of Kunshan's territory, provide jobs for a floating population of 1.4 million working as nongmingong (rural migrant workers) in 2007. Lacking skills, nongmingong most often end up with low-paid jobs and their shelter needs are accommodated through workplace housing, rental housing, or enclaves around their workplaces. Each SEZ thus emerges as a spatial development node or nucleus in which jobs and housing are balanced, but there is little integration of these labor markets in the city. The dispersal of SEZs decreases labor mobility and negatively affects agglomeration economies in production, labor pooling, and spillover effects.
The development of satellite towns proves inefficient in a number of ways. First, the job-housing imbalance increases, particularly among permanent and non-nongmingong residents, as evidenced in other countries (Cervero 1998; Dupont 2004; Jacquemin 1999; Richardson, Bae, and Jun 2002) . Workplace housing provides temporary solutions for nongmingong. Alternative housing options should be sought to better serve the needs of the enormous number of rural-urban migrants projected during rapid urbanization and industrialization in the future. Job accessibility, urban-service provision, and affordable housing for these lowincome workers and households will be among the top issues that would be better addressed in large, comprehensive, and heterogeneous job markets, as found in metropolitan areas rather than in satellite towns.
Second, the increasing job-housing imbalance inevitably causes commuting time and distance to rise. Levine (1990) provides empirical evidence that lowincome households commute longer distances during employment decentralization. Jun and Hur (2001) conclude that an industrial town outside Seoul increased the total vehicle kilometers traveled per worker by 1,510 km per year. Furthermore, spreading SEZs into the urban fringes creates auto-dependency, a form of transit unfriendly to the environment.
Third, satellite town development has also resulted in inequality and class segregation. The cost of living and lack of public transportation create exclusionary conditions in which only the middle and upper classes can afford to live in newly developed towns on urban fringes. Finally, spreading of SEZs implies high costs in transportation provisions for travelers as well. The enlarged burden of providing infrastructure may indirectly increase costs of business development. In sum, it is desirable to cluster employment activities spatially so they can benefit from an internal scale of economies and agglomerative economies in production.
University Towns
Development
The development of university towns is one of the most striking urban spatial developments in terms of scale, driven partly by rapid increases in enrollment in higher education institutions and partly by national policy to promote a knowledgebased economy.
10 By the beginning of the 2000s, over fifty university towns had been developed across the country. Each is a large-scale land-development initiative accommodating multiple universities clustered in a concentrated geographic region, as indicated in Table 2 . The average size of these university towns is less than 20 square kilometers and they comprise almost twelve universities each. The university towns share many features, and one of them will be examined: the Guangzhou University Town.
Guangzhou University Town, one of the largest of the kind, started construction in 2001. It is located about 17 kilometers from the center of Guangzhou City and planned on 43.3 square kilometers of land with a target enrollment of 300,000 to 350,000 students. The completion of the university town development involved multiple phases of construction. The first phase was the construction of Xiaoguwei Island on 18 square kilometers, housing ten universities, as shown in Figure 2 . The physical layout of the university town deserves attention: it features three ring roads that separate different land uses in the town. The land within the innermost ring road is used for a big central stadium, physical recreation facilities, and open/ green space. The land between the first and second ring roads is used for student dormitories, while classrooms, offices, and administrative buildings are constructed between the second and third ring roads. The third ring road serves as a buffer on the river shore separating off-campus communities and neighborhoods.
assessment
The preliminary assessment of university towns concludes with three main findings. First, clustering of universities may help to build interuniversity connections and intellectual-resource sharing, but creates physical barriers for intrauniversity communication. This is because the majority of universities relocate some of their colleges and programs to newly established university towns, but keep their central administrative units and other colleges on the old campuses. Shenzhen University Town has only graduate programs for several colleges, while Zhejiang University has moved undergraduates to Zijingang University Town. There is no evidence that intercampus collaboration has more value-added compared to intracampus linkages. Therefore, the opportunity costs of physical separation within universities may well exceed any gains from clustering different universities.
Second, the size and spatial arrangements in some cases diminish the potential of resource sharing between or among universities. For instance, it is difficult, if not impossible, for students to take classes at other universities in Guangzhou University Town. Since ten universities have their classrooms built along the outside ring on the island, the average distance between department buildings on the opposite side of the island is 4.5 to 5 kilometers. Unless school buses are provided, sharing classes is a real issue. This creates a dilemma for school administrators. The provision of school buses will have cost implications, but interuniversity class sharing will be impossible without buses. If students cannot benefit from the presence of other nearby universities, the rationale for the clustering becomes questionable.
Third, there are no documented advantages or benefits to creating a university compound that is home to ten universities and 200,000 to 400,000 students. According to conventional wisdom, this is too big. Big is not always good if returns to scale are not commensurate. Certainly there seems no economic justification for building a dining hall with a capacity to feed 20,000 people at the same time, as is the case at Zhejiang University Town in Hangzhou. Trips for dinners or lunches would be less crowded and shorter if many small restaurants were spread over the www.gzuc.net/zhinan/ucmap.html.
entire compound. The size is impressive, but the induced trips are unnecessary and undesirable. Fourth, university towns are developed on urban fringes and in many cases in the middle of nowhere (as in Shenzhen). The isolated and "remote" location of many university towns raises doubts about their spillover effects in general and their impact on a knowledge-based local economy in particular. Their long-term impact remains to be seen, but the short-term impact appears to be trivial, if any. Finally, the clustering of universities in a spatially compact fashion also has longterm consequences. It is anticipated that income will continue to grow along with industrialization and urbanization in China over the next couple of decades. The demand for higher education, therefore, will increase accordingly, which will inevitably require university expansion. However, each campus in a university town is so packed that there is little space left for additional construction. This implies that any expansion will have to take place on other sites or locations, creating multiple campuses for a university.
Central Business Districts
Development
In the 1990s, many of China's large cities (i.e., those with populations exceeding 1 million) began to construct new CBDs. By 2002, thirty-six cities (including Beijing, Shanghai, Guangzhou, Shenzhen, and Zhengzhou) had planned or established a new CBD. As the economy continues to grow and living standards rise, nonmanufacturing jobs become increasingly important. Therefore, building CBDs for nonmanufacturing jobs in the commercial, retail, and service (finance and banking) sectors concentrated in compact, dense geographic areas is a vital development strategy. In addition, rising energy prices and growing concerns over global warming and environment makes it extremely critical to promote mass transit and to limit and restrict the usage of private cars. The high density of employment and population in and around CBDs will help to encourage nonmotorized trips and to increase the share of ridership on mass transit alternatives.
A CBD is distinguished by high employment concentration, commercial and retail oriented activities, skyscrapers, and high traffic congestion. An international comparison reveals that average employment density is more than 30,000 workers per square kilometer in selected cities. The highest density is in New York, which has more than 238,000 jobs per square kilometer in its small and well-defined CBD of an area of 3.11 square kilometers. By contrast, Tokyo's three inner wards, treated as one CBD, offered 2,434,200 jobs in 2001 in an area of 42.2 square kilometers, yielding an average employment density of 57,683 jobs per square kilometer. Tokyo appears to have an average employment density much lower than New York, but this is a misleading comparison, because the respective land usages are very different. New York's CBD comprises commercial (including office space) and retail activities, while there is much non-CBD-type land use in Tokyo's three wards. If similar criteria are used to delineate Tokyo's CBD, the two cities may have a much closer employment density than is shown in Table 3 . This, of course, leads to the question of how CBDs should be defined and delineated. Different indexes, such as population density, employment density, floor area ratio (FAR), land value, and land use, have been used to delineate CBDs, and all of them have a deficiency in one way or another (Murphy 1972) .
Another striking physical feature that makes a CBD stand out in the city landscape is the clustering of commercial skyscrapers. The average FAR in the core of the Seoul CBD is over 10, while the rest of the CBD and subcenters have a FAR of 8. Land development for residential uses has FAR values ranging between 0.5 and 4, much lower than those in the Seoul CBD and other subcenters. The striking contrast between a CBD's commercial development and other predominantly residential uses is similar in many other cities. For instance, the FAR in Singapore's CBD ranges between 8 and 25, while residential uses have FARs between 1.5 and 4. Residential development close to a CBD has higher density with the FAR going up to 6.
The physical features of CBDs in Chinese cities are similar to those in Western cities. Land values are high and skyscrapers are concentrated.
11 However, unlike Western cities, CBDs in China have low land-use intensity, manifested in low FARs and low building coverage. For instance, Beijing's CBD (located in Chaoyang district) was planned in 2001 on an area of 3.99 square kilometers. It is divided into 125 lots with a total area of 2.46 square kilometers (excluding roads). Discounting twenty-eight existing uses, ninety-seven lots are planned for seven different land uses that include commercial, mixed use, residential, school, cultural and recreational, public infrastructure, and open/green space. Excluding open/green space, the average building coverage (the ratio of land used for building over total land in each lot) is 32.81 percent, and the average FAR is 5.3. Land-use intensity varies significantly between types, as expected. Commercial use has the highest FAR at 5.67, followed by mixed use with a FAR of 3.95, and residential use with a FAR of 3.5. Other types have FARs that range from 0.5 to 2. The variation of building coverage between land uses is quite small. School uses have the lowest building coverage at 20 percent, while cultural and recreational uses have the highest at 40 percent. These general features of Beijing's CBDlow building coverage, high proportion of green space in each lot as well as in the entire CBD area, and presence of low-value-added land-use types, such as schools and public utilities-are widely shared by CBDs in other Chinese cities, as shown in Table 4 . assessment Table 5 compares Beijing and six other Chinese CBDs that have similar land-use patterns against international norms. The following six characteristics are evident. Murphy (1972) , non-CBD land uses include (1) permanent residences (including apartment buildings and rooming houses); (2) government and public property (including parks, public schools, administrative buildings); (3) organizational establishments (churches, colleges); (4) industrial establishments (except newspapers); (5) wholesaling and commercial storage; (6) railroads and switching yards; and (7) vacant buildings and lots. A location or site in the CBD is just too valuable for less intensive uses of these types. In fact, these types of land development in Beijing's CBD have low FARs even though land values are very high.
Fourth, mixed land use in a CBD mainly refers to the mix of commercial and retail activities in CBDs of Western cities, while in Beijing the mix also includes residential uses. It is usually planned to have up to 60 percent of building space for residential purposes.
Fifth, land is developed or planned following a standard template. For instance, building coverage has little variation across different land uses. Conventional wisdom suggests that residential development and schools need a lot of open/green space so that building coverage will be substantially lower than for commercial activities. However, building coverage among different uses in Beijing's CBD is not sufficiently varied. Finally, there are too many open/green spaces, and many of them are fragmented because of open/green space construction around sky-rise buildings.
There is little dispute about the need to develop CBDs in Chinese cities. What is at issue are the ways CBDs have been designed, planned, and constructed. Preliminary assessment reveals that potential or forgone economic costs are high. Economic losses are manifest in the fact that both land-use types and land-use intensity are at odds with high land values. It goes against market principles and general trends to place less intensive land uses, such as schools and cultural facilities, in CBDs. Economic potential is also negatively affected when the urban physical environment is not friendly to face-to-face contact and to pedestrians and shopping, as is the case when fragmented open/green space surrounds buildings. Hence, the way open/green space is constructed contributes little to the improvement of the urban physical environment and serves no purpose other than city beautification. Fiscal impacts cannot be overlooked either. There have been serious discussions and studies to introduce a property tax. If it is implemented, the revenue loss from low building coverage will be huge. There is a high likelihood that low building coverage will both incur an above-average cost of infrastructure provision and encourage motorization rather than mass transit ridership.
There is a general perception, based on looking at the height of buildings, that CBDs in Chinese cities have high land-development intensity. This is true if building height were the sole measure of intensity. In fact, building heights in Chinese CBDs are comparable to those in Western cities, while there are significant differences in FARs because of differences in building coverage. Assuming that the thirty-six commercial uses in Beijing's CBD have the same average building coverage as their counterparts in Manhattan, existing building heights would imply an average FAR of 13.93 instead of 5.67 (and a maximum FAR of 17.2). This would give both cities a comparable average FAR. Most Chinese planners believe that low building coverage makes the urban environment "better," but this is because they do not fully understand its opportunity costs and overall impact.
Mixed Land Use
Mixed land use is one of the most important policy/planning strategies to promote efficient urban spatial forms and combat urban sprawl, especially in the United States. Smart-growth advocates propose mixed land use at the community level as a countermeasure against urban sprawl. The anticipated benefits from mixed land use include reduced automobile dependency and travel demand, development of public spaces and pedestrian-oriented retail, and more dense, compact development (Victoria Transport Policy Institute 2008). The benefits also include a positive impact on property values from commercial use in close proximity to residential areas. The capitalization of improved community quality through property taxes helps raise local tax revenues (Knaap 2008) . Chinese cities have a high degree of mixed land use. Homes, shops, offices, and recreation facilities are often found in compounds separated from the outside by walls. Therefore, Chinese cities are already practicing smart growth if they are judged simply in terms of the degree to which land use is mixed. But the answer to the question of whether or not Chinese cities exhibit smart growth may be much more complicated.
Development
In the prereform period, the danwei was a socioeconomic unit that served multiple functions by providing workplaces, housing, and other services not only to employees but also to their immediate families. Thus, the danwei became the basic unit in which different land-use types and socioeconomic functions were mixed. Subsequently, urban spatial expansion was planned and developed around the establishment of the danwei in the planned economy. This danwei-based urban spatial expansion caused the spread of mixed-use compounds throughout built-up areas and created the so-called cellular structure in the urban fabric (Gaubatz 1995) . The size of the danwei in terms of total employment determined the geographic scale of mixed land-use patterns. A danwei can range from a small lot of a few hectares to several dozen square kilometers. If danweis are big, they can develop into cities or towns. Shanghai Baoshan, for instance, developed as the Shanghai Baoshan Steel Corporation was established. Although emerging land markets have begun to influence urban land use and spatial structure, mixed land-use patterns continue to persist, at least from a microlevel perspective (Ding 2004) . This is mainly because balance is one of the most distinctive features of Chinese architecture, urban planning is deeply rooted in the practice of architectural design, and the clustering of different land uses at one location is considered as a way to achieve balance.
Consequently, mixed land use across Chinese cities is developed at two different levels: city and community. At the city level, urban spatial development is often organized and planned through the so-called dispersed clustering model (fensan zutuan moshi). For instance, Zunyi, a city in Guizhou province, had a built-up area of 478 square kilometers with a population of 800,000 in 2007. Its planned spatial growth from 2008 to 2020 will be organized around nine development areas (one center, two subcenters, six development nodes) to accommodate a net population increase of 900,000. Each of these nine development areas has mixed land uses: commercial, institutional, and residential. This type of dispersed clustering landdevelopment model is widely practiced across Chinese cities. At the community or neighborhood level, the idea of placing housing geographically close to jobs is deeply rooted in the minds of policy-and plan-makers, although reforms (housing and economic privatization) have forced the danwei to focus on the workplace. Development and/or planning patterns similar to those in Zunyi's dispersed clustering model can be found on a much smaller scale in neighborhoods or communities. For instance, the development of Beijing's CBD illustrates the planning of mixed land uses at the neighborhood level. The CBD has land used for commercial, residential, public, educational, cultural, recreational, and green space in an area of just less than 4 square kilometers.
Assessment employment Distribution
Employment density decreases with the degree to which nonresidential and residential uses are mixed. Across Chinese cities, despite their high population density, employment density is quite low. The highest employment density in Beijing, for instance, was 13,000-15,000 jobs per square kilometer (Ding, Knapp, and Song 2004) . In comparison, the average employment density of CBDs in cities like New York, Tokyo, Hong Kong, Seoul, Washington, DC, and Chicago was over 50,000 jobs per square kilometer in 1990, as shown in Table 3 .
The cellular type of urban spatial structure due to spatial spreading of mixed land uses causes the employment density curve to flatten lowering employment concentration. Low employment concentration and density negatively affect labor productivity, technology spillovers, agglomeration economies, and development of business networks and connections (Ciccone and Hall 1996; Henderson et al. 1995; Sedgley and Elmslie 2004) . Spatially scattered workplaces negatively affect city economic growth by fragmenting urban labor markets and decreasing job accessibility, particularly for the low-income population and rural-urban migrants.
urban Transportation
The flat employment distribution resulting from mixed land use affects urban transportation in two ways. First, the average travel distance may increase. Centralized employment distribution has the lowest average travel distance, given a declining population density toward the city edge, and can have the least per capita travel demand such as VMT (Bertaud 2003 (Bertaud , 2004 . Although the pattern of centralized employment may cause enormous congestion, particularly in the city center, it produces orderly spatial traffic flows that are friendly and conducive to traffic-management measures and policies, such as congestion pricing, public transit, high-occupancy vehicle (HOV) lanes, and reversible lanes, that are possible only for traffic patterns where congestion occurs at different times in different directions. In contrast, the spreading out of jobs across space in Chinese cities due to mixed residential and nonresidential use impedes the effectiveness of such measures and policies.
Second, the spreading out of mixed land use is more likely to generate chaotic and stochastic traffic flows that augment traffic interference. The coexistence of multiple transport modes (walking, bicycling, motorcycling, buses) increases the range of traffic interferences that can significantly slow down traffic and create mental stress for drivers (Ding 2009 ). In addition, those who are not in motor vehicles become more vulnerable, thereby making traffic safety a serious issue.
In the context of Chinese city development, the effect of mixed land use on urban transportation has differed over time. In the prereform period, the combination of the danwei in housing and economic production, labor immobility, and the predomi-nance of walking and bicycling enabled mixed land use to serve socioeconomic functions well, even though urban infrastructure and transportation were far less adequate. In the postreform period, however, changes and growth are profound and dramatic. They are reflected in (1) increasing job mobility, (2) relocation of manufacturing from central locations to city outskirts, (3) increasing accessibility in urban fringes due to massive transportation investments, and (4) rising car ownership and motor usage. Because of these changes, the share of bicycling declined from 58 percent in 1986 to 40 percent in 2000, as did bus ridership, from 31 percent to 22 percent, during the same period (Liu and Guan 2005) . The reductions in bicycling and mass transit were matched by corresponding increases in automobile usage. While there is very often more than one worker per household, it is very unlikely that both workers would have a common workplace in situations where employment is scattered over an entire metropolitan area. Some, if not all, household members would have to commute longer than would be the case if employment distribution was concentrated. Development of employment nodes or subcenters would at least help to maintain nonmotorized trips or slow down the decline of their share.
efficiency in Public finance
Theory suggests that homogeneity in preferences enables local governments to operate efficiently by offering public services and goods at prices that residents within their jurisdictions are willing to pay. "Voting with the feet" motivates residents to relocate to the local jurisdiction whose supply of public goods best matches their preferences. The practice of zoning provides local governments a tool to keep freeriders out of their community. 13 The Tiebout hypothesis of public finance efficiency has been proven empirically. Gramlich and Rubinfeld (1982) revealed that regions with the greater number of jurisdictions from which to choose show greater homogeneity in demand for local public goods within each jurisdiction than do regions with fewer jurisdictions. Although homogenous land use alone cannot yield efficiency in public finance, an urban cellular structure makes it difficult and costly for local governments to provide the goods and services that best match local needs.
is smart Growth an appropriate strategy for China?
Mixed land use has been promoted as a key ingredient or principle in the promotion of smart growth in the United States, where motorization is predominant and built-up areas are sprawling. It is believed, at least by smart-growth proponents and advocates, that mixed land use can help to reduce auto dependency and travel demand. Even though there is lack of empirical evidence for the effectiveness of smart-growth programs, the principle of mixed land development may sound good and fit the urban reality in the United States for two reasons (Knaap 2008) . First, its impact on urban agglomeration economies and labor productivity would be negli-gible, if any. Market-driven developments have already forged major employment in subcenters, including the CBD, while the proposed strategy of mixed land development primarily focuses on mixing residential uses with shopping, commercial, and retail development. Therefore, the proposed mixed land development has little impact on job concentration and citywide employment distribution profiles.
Second, mixed land use affects non-work-related trips more than home-based work trips in U.S. cities (Victoria Transportation Policy Institute 2008). In addition, the shares both of home-based work trips in rush hours and of total trips have declined over the past couple of decades in the United States. On average in the United States, home-based work trips account for about 35 percent and slightly over 26 percent in the morning and afternoon rush hours, respectively.
14 Because of the inelasticity of home-based work trips, the use of mixed land use as a policy measure to reduce urban travel demand would only be effective if both non-workrelated trips and auto usage are dominant, as is the case in U.S. cities.
That mixed land use may seem to be an economically sound and socially justifiable smart-growth strategy in the United States does not mean, however, that it can work well in other countries, particularly in China. There are a number of reasons for this. First, due to danwei-based urban development and expansion, employment density distribution tends to be flat in Chinese cities, which often lack strong and dominant CBDs. Second, in cities in developing countries, where, on average, the share of home-based work trips can be as high as 75 percent, work-related trips account for the majority of urban transportation demand. This can trivialize the potential gains from mixed land use on urban motorization because of low elasticity of home-based work trips. Finally, lack of spatial traffic patterns has caused serious congestion problems for cities like Beijing. The widespread prevalence of mixed land use is certainly one of the causes. The introduction of demand-side management of urban traffic congestion, rather than supply-side solutions, would be more effective if there were spatial traffic-flow patterns. The development of employment subcenters for nonmanufacturing jobs in cities is essential. Because land use is already mixed throughout Chinese cities, any gains from the future development of mixed land use may be marginal if the principle of diminishing returns holds. Therefore, caution must be used in promoting mixed land use development as a smart-growth strategy in Chinese cities.
Conclusion
Through preliminary assessment of urban spatial-development patterns of SEZs, university towns, CBDs, and mixed land use, this article suggests that the potentially substantial negative consequences and associated efficiency losses could affect the long-term sustainable growth of Chinese cities. It is unlikely that these patterns can be avoided even with emerging market forces unless there are substantial reforms in planning and administration that govern and influence the behavior of local government officials. It is important to point out that efficient urban forms should be assessed along with city or country situations. For instance, mixed land use is widely proposed as an important policy and planning measure to counteract urban sprawl in the United States. But current city development and urban spatial forms across Chinese cities suggest that it may not be as desirable as in the United States. The reasons are (1) Chinese cities are characterized by a high degree of mixed land use, (2) job opportunities are spread over an entire city and nonmanufacturing jobs are not concentrated, (3) the dominance of two-income households, and (4) the dominance of nonmotorized trips. Given these factors, urban development should be focused on the creation and development of employment subcenters and urban spatial development in conjunction with these subcenters through integration of land use and transportation. Efficiency gains would be substantial if the principles of urban agglomeration, economic scale, mobility, and externality were taken into account in the planning and development of urban spatial expansion.
It is important to plan urban spatial expansion carefully in countries that are urbanizing rapidly, partly because of the irreversibility or costly adjustment of urban land development and partly because of the impact of urban form on agglomeration economies, transportation, environment, and social development. What makes planning even more challenging and complicated in China are the profound and extraordinary institutional changes that have a cause-and-effect relationship with economic growth during its rapid urbanization and industrialization at the same time as the country is transitioning toward a market economy. Challenges in planning are reflected not only in the urgent need to reposition the country for a better alignment of the division of labor between planning regulations and emerging market forces, but also in how best to play an active role in envisioning, guiding, and directing future spatial development for sustainability.
There are no right answers for these challenges. The challenges, however, should be addressed first by fully recognizing the emerging forces underlining urban spatial growth and then by co-opting them into a planning process. Effective implementation mechanisms that recognize China's administrative system and have helped to achieve economic successes in past decades can make planning play an important role in reshaping the urban fabric and landscape in order to create efficient development forms and patterns during the process of rapid urbanization.
Notes
